Complete expressions of the sbg and sbγ vertices are derived in the framework of supersymmetry with minimal flavor violation. With the minimal supergravity (mSUGRA) model, a numerical analysis of the supersymmetric contributions to the Wilson Coefficients at the weak scale is presented.
Introduction
The rare B decays serve as a good test for new physics beyond the standard model (SM) since they are not seriously affected by the uncertainties due to long distance effects. The forthcoming B-factories will make more precise measurements on the rare B-decay processes and those measurements would set more strict constraints on the new physics beyond SM. The main purpose of investigation of B-decays, especially the rare decay modes is to search for traces of new physics and determine its parameter space. In all the extensions of SM, the supersymmetry is considered as one of the most plausible candidates. In the general supersymmetric extension of SM, new sources of flavor violation may appear in those soft breaking terms [1] . Applying the mass insertion method, the influence of those non-universal soft breaking terms on various flavor changing neutral current (FCNC) processes are discussed in literatures [2] . However, too many free parameters which exist in the supersymmetry model with non-universal soft breaking terms decrease the model prediction ability. Thus for a practical calculation whose results can be compared with the data, one needs to reduce the number of the free parameters in some way, i.e. by enforcing some physical conditions and assuming reasonable symmetries. A realization of this idea is the minimal supergravity (mSUGRA), which is fully specified by only five parameters [3] . In this work, we perform a strict analysis on the sbg (sbγ) effective Lagrangian in the minimal flavor violation supersymmetry up to the leading order. The NLO SUSY-QCD corrections to those processes have been evaluated in our another work [4] .
The most general form of the superpotential which does not violate gauge invariance and the conservation laws in SM is W = µǫ ijĤ 
where m (I = 1 , 2, 3) are the soft breaking parameters that result in mass splitting between leptons, quarks and their supersymmetric partners. Taking into account of the soft breaking terms Eq.(2), we can study the phenomenology within the minimal supersymmetric extension of the standard model (MSSM). The resultant mass matrix of the up-type scalar quarks is written as
In these operators, D µ ≡ ∂ µ − ig s G µ and G µν ≡ G a µν T a denotes the gluon field strength tensor with
and G · σ ≡ G µν σ µν . For transition b → sγ, the operator basis is somewhat different from those in eq. (10) and the changes are reflected in the following replacements:
with F µν being the electromagnetic field strength tensor and F · σ ≡ F µν σ µν .
The effective Lagrangian forsbg (sbγ)
At first, we present the analysis ofsb-mixing. The self-energy diagrams are drawn in Fig.1 . The unrenormalizedsb self-energy is given as
with the symbolic definitions We renormalize thesb self-energy according to the well-known prescription, namely by demanding that the renormalized self-energyΣ vanishes when one of the external legs is on its mass-shell [9, 10, 11] . Obviously, this is a necessary physical condition which must be satisfied. This is realized aŝ
where
After carrying out the renormalization procedure described above, the self-energy is written aŝ
This procedure is exactly the same as that adopted in the SM case [18] . Next, let us calculate the unrenormalizedsbg vertex Γ ρ (p, q) corresponding to Fig.2 . Keeping terms up to order 12, 13, 15, 16, 17] , we have
where 
According to the general principle of renormalization,sbg−vertex does not exist in the fundamental Lagrangian, thus it does not need to be renormalized. In other words, the divergence would be canceled as the physical conditions are taken into account. In the nonlinear R ξ gauge, as well as in the unitary gauge, the one-loop penguin diagram results in a divergence. On other side, all the one-loop diagrams which contribute to the b → sg or b → sγ processes constitute a convergent subgroup. Thus obviously, the renormalizations of the penguin and flavor-changing self energies are associated. In fact, the Ward-Takahashi identity holds at the unrenormalized penguin, to renormalize thesbg vertex, we demand that the Ward-Takahashi identity be preserved by the renormalized vertexΓ
It is noted that with this requirement, just as in the SM case [18] , the renormalization of thesbg vertex is realized when we renormalize the self-energy by enforcing the physical conditionΣ = 0 as one of the external legs being on its mass shell. Moreover, indeed, the renormalization scheme of thesbg vertex pledges the current conservation for an on-shell transition, since the renormalized self-energiesΣ(p + q) andΣ(p) are zero as both b and s are on mass shell [18] . This renormalization scheme can be understood from another angle. The requirement that the WardTakahashi identity holds and conditionΣ(on-shell)=0 realize the renormalization of thesbg vertex and the scheme is equivalent to summing up the contributions of penguin and flavor-changing self-energies to the transitionsbg at one-loop level. This procedure can be generalized to two-loop calculations.
Applying Eq.18, we havê
The terms of dimension-four which are related to thesγ ρ ω ± b vertex cancel each other as long as we let b and s quarks be on their mass shells [13] , so that we do not need to consider them at all. We ignore all terms which vanish as 
After matching between the effective theory and the full theory [14] , we have the effective Lagrangian for b → sg at the weak scale in the minimal flavor violating supersymmetry as:
3 )
and the mixing matrices ZŨ i Z ± 2,β are given in Eqs.6, 7. The first terms in the above expressions are the SM contributions [13] and the second terms are the charged Higgs contributions. The supersymmetric corrections exist in the third terms.
For the vertexsbγ, the Feynman diagrams are drawn in Fig.3 . With all unrenormalized quantities the Ward-Takahashi identity for thesbγ vertex is in form:
To renormalize thesbγ vertex, we demand that the Ward-Takahashi identity be preserved for the renormalized vertexΓ
The other steps are similar to those applied in the calculation for thesbg vertex. The result is written as
with
Numerical results
In this section, we present our numerical results of the Wilson coefficients in the mSUGRA model. As we have mentioned before, the model is fully specified by five parameters
Here m 0 , m 1
2
, and A 0 are the universal scalar quark mass, gaugino mass and trilinear scalar coupling. They are assumed to arise through supersymmetry breaking in a hidden-sector at the GUT scale µ GU T ≃ 2 × 10 16 GeV. In our numerical calculation, to maintain consistency of the theory and the up-to-date experimental observation, when we obtain the numerical value of the Higgs mass in the mSUGRA model with the five parameters, and we include all one-loop effects in the Higgs potential [19] . Moreover we also employ the twoloop RGEs [20] with one-loop threshold corrections [19, 21] as the energy scale runs down from the mSUGRA scale to the lower weak scale.
For the SM parameters, we have m b = 5GeV, m t = 174GeV, m W = 80.23GeV, α e (m W ) = 1 128 , α s (m W ) = 0.12 at the weak scale. In our later calculations, we always set A 0 = 0, sgn(µ) = −.
Taking above values, we find that the Standard Model prediction for the Wilson Coefficients are
891. Then with the aforementioned inputs of the five parameter we evaluate the supersymmetric corrections to those Wilson coefficients
Even though other Wilson coefficients also get nonzero contributions from the supersymmetric sector, our discussions mainly focus on C 2,3,5,6,7,8 (m W ) because they play more significant roles in low energy phenomenol-ogy. Moreover, we will illustrate their dependence on the supersymmetric parameters through the attached figures.
In Fig.4 , we plot
with m 0 = 100GeV, A 0 = 0, sgn(µ) = − and tan β = 2, 20. Setting m 1 2 = 100GeV, A 0 = 0, sgn(µ) = − and tan β = 2, 20, the dependence of Fig.5 . From Fig.4 , we find that the supersymmetric contributions make the Wilson coefficients at the weak scale deviate from the SM predictions obviously when Fig.7 . The trend of changes of those coefficients with respect to parameters m 1 2 , m 0 is similar to that in the b → sg case. When the effective Lagrangian is applying at the hadronic scale, we should evolve those Wilson coefficients from the weak scale down to the hadronic scale. The running depends on the anomalous dimension matrix of concerned operators [22] . The coefficients C i (m W ) obtained at the weak scale M W are regarded as the initial conditions for the differential RGEs.
Discussions
In this work, we discuss contributions to the effective Lagrangian for b → sg and b → sγ from the SUSY sector in the mSUGRA model. As many authors suggested, if the masses of the lightest SUSY particles are close to the electroweak energy scale, the contribution from the SUSY sector to the Wilson coefficients of the induced operators is comparable with that from SM.
Our numerical results indicate that within a reasonable mSUGRA parameter range, the SUSY contribution to C 5 (m W ) can enlarge the SM prediction by about 90%, and to the other coefficients, the SUSY contributions are not smaller than 30% of that of SM.
If the masses of the SUSY particles are larger, the SUSY contributions to the effective Lagrangian would become weaker. Then as the SUSY particles are very heavy, the main contribution to the effective Lagrangian uniquely comes from the standard model.
As well known, the QCD correction to the verticessbg andsbγ is important and for practical application of the effective Lagrangian to evaluate the physical processes, say B decays, one needs to run down the coefficients from the weak energy scale to the hadronic scale, i.e. M B ∼ 5GeV≪ µ W , in terms of the RGEs [4] .
In this work, we adopt the non-linear R ξ gauge. The advantage is that the Ward-Takahashi identity holds at the one-loop level no matter for the unrenormalized or renormalized quantities. This advantage would be more obvious as we go on doing the two-loop calculations.
Our numerical results also show that as all SUSY particles become very heavy, the values of all coefficients tend to that determined by the SM sector which is consistent with the results obtained before [18] .
A The expressions for the form factors
The form factors in self-energy is given as
The expression for 
